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ABSTRACT 



A stady was undertaken of the employment and 
ems of wom^n scienti':^ts/engineers and graduate 



enrollment pat^ 

s.^uden^s in eiqh^ major scien+:ific fields: engineering^ physical 
scienceSr environmental sci'^^nces^ mathematical sci^nces^ agricultural 
and bioloaical sciences, medic?3l sciences, psychology, and social 
sciences. The first part of the st u dy . cons ist ed of a series of 
,st a*-.ist ical analyses of institutional and departmental patterns in 
•womc^n' s full'-^ime gradua-^,e enrollment and full-time employment in 
sciences and <=ngineering in the 50 leading doc torate-gran*".ing 
institutions. The second ohase consisted of case study site visits to. 
a sample of nine institutions selected to represent the diversity of 
the original sample in geographic location, urban/rural environment 
institutional size, ^.ype of control, and proportion of women 
scientists employe:^. Th^ case' study institutions were *:hp University 
of" Arizon'a, Harvard University^ Louisiana State University (Baton 
Fouae) , University of Michigan, Northwestern University, Purdue 
University, University of Southern California, T'^xas A 8 
Universi ty, and the University of Washington. The statistical 
analyses employed were designed to identify d is-*- inct ive' trends'^ to 
mov'=» bevond or es en'^-.'at icn of numbers and percentages to search for 
significant and distinctive di f f er enc'=^s. The ^repor^ was exploratory 
and descript.ive in nature, without specific research hypotheses- The 
analyses and results are 'iescribed^ wi'-h som^ graphic illustration. 
(Author/MSE) 
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/ INTRODUCTION 

Since the late '1960s, dramatic changes have taken place in 
the role and status oi' women. Increasing numbers of women of 
ali ages and backgrounds liave entered postsecondary education, 
completed degrees and begun careers in variety of fields. 
The overall number of women enrolling in colleges and univer- 
sities has been increasing at a steady pace, and as of Fall, 
1978, women cbmprised 49 percent of the total undergraduate 
enrollment in the United States.''' Within only one decade, the 
number of undergraduate de?grees awarded to women more than 
doubled, from 664,000 in 1964-65 to 1,305,000 ten years latei , 

with women accounting for 43 percent of the baccalaureate de~ 

2 

grees awarded in 1974-75. 

Changes Lire also taking place at the graduate level. The 
percentage of worin/n recGn.ving doctorates nationally rose from 
about 10 ])(.'rc(Mit. in 1955 lu almost 13 percent in 1968, 18 per- 

3 

cent in 1973, and Lin all time high of over 23 percent in 1976. 
The number oi^ wonu-.^n receiving doctorates ii; science and engi- 
neering rose drama L ical 1\' froh; about 750 in 1965 (7 percent) 

4 

to nearly 3,000 (17 percent) in 1976. 

Without question, the women's movement has heightened 
women's awareness of tlu^ varied alternatives and options avail- 
able? to them, and lo a grcmt extent hc^ ■ been responsible for 
the lnc:reasing numbe^\s ot women entering colleges and univer- 
s i t ies . I n add! t ion , a f f 1 rmat i ve act ion progra.ms have pi-o- 
vided now opportunities i\)V crar^.^ers 'and ra.isc?d woriien's expec- 
tations for gainful employment when their degrees have been 
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completed. 

Within academe, affirmative action programs have been in- 
itiated to increa:se women's participation at all levels afs 
graduate students, as faculty, and as members of professional 
committees and or^^an izat Ions . Yet, .ti:ie evidence Is that while 
federal legislation and a i' f 1 rmat i vo action may have reduced dis- 
crimination to some decree, they have not had a significant im- 
pact upon the numbers and status (jf women employed in colleges 
and universities. This is particularly true in the case of 
wome n scientists. 

During the period from 1929-1940, 27 percent of the post- 
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secondary faculty in the United States were women. However, 
by 1975-6, only 24 percent of the 289,048 full-time faculty 
were women-r- Within the sciences, in spite of the gains in the 
numbers of women receiving doctorates in recent years, the pro- 
portion of women scientists employed full time in academic in- 
stitutions has increased only 1 percentage point (from 15 to 
16 percent) since 1974.^ 

Academic women have been found to be clustered in the 
lower professorial ranks and in less prestigious institutions. 
According to a study conducted by Ladd and Lipset in 1976, only 
8 percent of women faculty are in institutions ranked as most 

prestigious, while 27 percent are in those ranked as least pres- 
7 

tigious. As far as job position is concerned, the proportion 
of women decreases with each step up the academic ladder. Women 
hold 41 percent of the instructor posi t ions , 40 percent of the 
lectureships and 29 percent of the assistant professor positions, 
but only 17 percent of the associate professorships. The even 



lower porci-ii t:iK<- ^ women holding lull professorships ' — 10 per- 

8 

cent ~~ Is the same as it was twenty years ago. 

Increasing numbers of part-time, off-ladcler a^nd non-tenured- 
appointments have; been made available to women, but the percent- 
age of lull-time, t(«nured appointments held by them has not in- 
creased s ign 1 f ici*un t ly , and in, some cases it has actually de- 
creased. For example, women rec(M v'od 7 percent of the Ph.D.s in. 
mathematics in 1974 and 13 percent in 1977; however, from 1975 
to 1976 , the percen tage of academic women mathematicians only in- 
creased one- tenth c) f one percent, from 4.7 percent to 4.8 per- 
cent.^ Women earned 20 pcu'cent oT the bachelor's degr^^es, 22 per 
cent of the masters and 11 percen t "of the' Ph . D . s granted in chem- 
istry in 1976. Vet, the American Chemical Society found that 

women chemists held only 2 percent of the full-time academic po- 

10 

sitions in that s^ime year. 

In addition to academic rank and position, salaries are an 
important indicator of the status of academic women. Salary dif- 
ferentials between male and female academics continue to exist, 

and, in Tact, appear to be widening. In 1974-75, faculty women 

1 1 

earned an average of $2,820 less than faculty men; in 1976- 

12 

77, the di f f cM^en t i a 1 was $3,230. Women scientists are an even 
greater minority within academe- and they fare no better than 
other female academics with respect to salary. In fact, women 

chemists earn J ess than men with equal levels of training, ex- 

' . . -t. - 1 ■ . 13a,b&c 

perience , and job responsibility . 

Women have been active members of the scientific community 

for well over a century. But their numbers have been few and 

their status has been low; they have had few job opportunities, 



frequent unemployment, and thf-y have ..s^n dom been considered em- 
inent by their fellow scientists. The proportion of women. sci- 
entists in academf- C(nuinues to be small, and it drops signif- 
icantly the higher the 1 (n'e 1 ot degree, academic rank, salary or 
administrative responsibility. These facts raise serious ques- 
tions about the real impact o 1 eciual opportunities for women as 
far as job access, position, promotion and salaries are concerned 

.Jbir\.PJ:iI^i^n^j^t^^ 

to provide insight into the problems, issues and concerns of wom- 
en scientist s /(Mig i nef ? rs In academe . 

The Study - 

With the assistance of two grants from the Na t ional . Science 
Foundation (NSF), the Evaluation and Training Institute inves- 
tigated the employment and enrollment patterns of women scien- 
tists/engineers and graduate students in 8 major scientific 
fields defined by NSF: Engineering, Physical Sciences, Environ- 
mental Sciences, Mathematical Sciences, Agricultural and Biolog- 
ical Sciences, Medical Sciences, Psychology, and Social Sciences. 
The study consist:ed of two parts. The first part consisted of 
a series of statistical analyses of institutional and departmen- 
tal patterns in women's full-time graduate enrollment and full- 
time employment in science, and engineering in the 50 leading 
doctorate-granting institutions, those reporting the largest 
full-time scientist and engineering popula;tion on the 1976 NSF 
Survey of Personnel. 

The second phase of the study consisted of case study site 
visits to a sa.mple of 9 institutions selected to represent the 



diversity oi the original sample in cerms of geographic location, 
urban/rural environment, institutional size, type of control (pub 
lie/private) and proportion of women scientists employed. The 
case study institutions were the University of Arizona, Harvard 
University, Louisiana State Universi ty (Baton Rouge), University 
of Michigan, iNor thwes tern University, Purdue University, Univer- 
sity of Southern California, Texas A & M University and the Uni- 
versity of Washington. . - 

The principal data sources for the study were: 1) the Na- 
tional Science Foundat ion ' s Survey of Scientific and Engineering 
Personnel Employed at Universities and Colleges, collected an- 
nually from approximately 2,300 institutions (including two-year 
colleges) which offer degree-credit courses in the^ sciences and 
engineering; and 2) The Survey of Graduate Science Student Sup- 
port and Postdoctoral s , collected annually from approximately 
7,800 departments in ap^proximately 360 doctorate-granting insti- 
tutions. NSF dof'ine^s full-time scientists and. engineers in- aca- 
deme broadly, to i 1 ude f acul t y members, post doc torals , and 
other professionals (at a level at which the knowledge acquired 
by academic training equal to. a bachelor's degree is essential 
in the per f ormancr.' of dut. ios) worKlag in science and engineer- 
ing, including those in res(.N.irch administration",* All statis- 
tical analyses in tiiis r.t^port nve bused on data from these sur- 
veys and include full-time^ employees and full-time graduate stu- 
dents only. Part-Mme (^mploye^es and students are not included 
in the study . 

*National Science FcRuidation, Survey 'of Scientific and Engi- 
neering Personnel Em[)loyeKl at Universities and Colleges, January, 
1976. Form 724 (11-75) Instructional Shee^ . 



MNDINGS FROM STATISTICAL ANALYSES 
The statistical analyses of the present study were designed 
to identify distinctive trends or patterns in the full-time en- 
rollment and employment of women scientis Ls/en^^ineers relative 
to men. The goal of the analysers was to move beyond the presen- 
tation of numbers and percentages to search for consistent and 
cignificant differences in the institutional distributions of 
men and women scientists according to six variables: size of 
institution, geographical location, source of support, institu- 
tional orientation toward research versus teaching, and quality 
ranking of departments. Uo specific research hypotheses were 
fo-rmulated with regard to the effect of these variables on the 
enrollment and employment of women scientists. Rather, this re- 
search was exploratory and descriptive in nature. 

Distribution of Women Scientists and Graduate Students 

Contrary to the literature on women academics generally, 
women scientists/engineers employed full-time in academe are 
concentrated in the very 1 ar.ij,'es t i ns t i t u t i ons . Approximately 
2,300 institutions are ; aclucjed in the NSF surveys of personnel. 
The fifty ins'Tl tut i ons drawn for the study sample from the 1976 
survey population were the" largest science schools -t- those re- 
porting the largest number of full-time scientists and engineer- 
ing employees. These fifty schools accounted for onTy 2 percent 
of all the institutions surveyed iii 1976, but they employed al- 
most 35 i^ercent of the full-time women scientists/engineers re- 
ported by the 2,300 institutions in that year. 

Figure 1 presents the pt,?rcentage distributions of scien- 

ii 



t ists/engineers employed full-time in the fifty-school sample 
along with the proportion of women \n each of the eight .fields. 
An example of ^ the variety of disciplines included within each 
field is presented below and i 1 1 us t rat es the diversity of sci- 
entific personnel included in the study. 

All traditional engineering fields, 
plU3 architecture 

Astronomy,, chemistry and physics 

Geological sciences, oceanography , 
atmospheric sciences 

Mathematics and computer sciences 

Biological sciences, agricultural 
sciences and animal husbandry 

Medicine, psychiatry, dentistry, 
nursing, etc. 



Economics, political science, 
sociology, linguistics, educa- 
tional .research 

Overall, women constituted 16.4 percent of the total study 
employee sample. As indicated by the hi.^togram in Figure 1 , how- 
ever, the proportion of women in each field varies a great deal. 
Women are the most prominent in psychology, where they comprise 
25 percent of the employees, and least prominent in engineering, 
where they comprise only 3 percent of the engineering employees. 

As far as graduate students are concerned, almost 24 per- 
cent of the app^roximately 105,000 graduate students in the study 
sample are women. Figure 2 presents the distribution of grad- 
uate students across the \'arious fields along with the proportion 
of women in. each field. As the figure indicates, the distribu- 

u 



Engineering : 

Physical Sciences : 
Environmental Sciences: 

Mathema t leal Sc iences : 

Agricultural & 
Biological Sciences: 

Medical Sciences : 

Psychology 
Social Sciences : 
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Engineer- 
ing 



Physical F-riviron- 
Science r:.- iital 
Science 



r^athema- Af^-l- Medical Psycholo- 
tical cultural Science gy 
Science ' ^ 

Biological 
Science. 



Social 
Science 



FIGURE '■]. PE: 'FCMTAHF: D f STR F F3! J? r OM of EMIX-TIME EMPLOYEES 
ACROSS SCIENCE I^'lELDS WITH PROPORTION OF WOMEN 
IN EACi-I i'Ml'LI), J.WUarY, 1976 
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tion of women graduate students in the sciences parallels the dis- 
tribution of women science employees. Graduate women are the 
most visible in psychology, where they constitute 45 percent Of 
the graduate studen t count , and they are least visible in engi- 
neering, where only 5 percent of the graduate students are women. 

The distributions of both women employees and graduate stu- 
dents across the various disciplines in the study sample reflect 
the traditional career patterns of women in the sciences. Al- 
though there have been significant increases in the number of 
graduate women entering the hard sciences in the past five years, 
women have . been, and continue to be concentrated in the life sci- 
ences, the sociax sciences and psychology; they have been, and 
continue to be least visible in the more technical disciplines 
such as engineering and the physical sciences. 

Chi Square Analyses 

Chi square analyses were used as the statistical tests for 
the frequency distributions of men and women employees and grad- 
uate students which resulted when the data were broken down ac- 
cording to the six criterion variables. This statistic deter- 
mines whether dillorences in the distributions of men compared 
to the distributions of women are statistically significant; 
whether women and men indeed exhibit distinct differences in 
their employment and enrollment patterns. 

The significance of the computed chi square values, how- 
ever, must be interpreted within the context of the percentage 
distributions presented alon^' with them. The value of the chi 
square is dependent upon the sample size, as well as the true 

1 ,> 



11 

differences in the distributions of the populations being com- 
pared. In some cases, the proportion of women differs only one 
percentage point from the proportion of men, but the computed 
chi square is significant because of the large sample size. In 
addition, because of difference^D in the numbers of employees or 
graduate students within the different fields, direct comparison 
of chi square values for the different disciplines is not pos- 
sible. 

Rather, by using the chi square test in conjunction with a 
careful examination of the frequency distributions, it was pos- 
sible to identify general patterns and trends which characterize 
women's enrollment and employment in the sciences. The next sec 
tions present the results of the analyses for each criterion var 
iable. 

Institutional Size 

In order to determine if institutional size and related or- 
ganizational varj-ables affected the proportion of women scien- 
tists employed or enrolled at a given school, chi square anal- 
yses were performed to determine if the percentage of women at 
an institution differed with the size of the institution, meas- 
ured first by size of scnentific and engineering employee popu- 
lation, and then by size of total student population. Two sep- 
arate measures of institutional size were- used because each 
mf:}asure reflects different aspects'of an institution's environ- 
ment. In those analyses, the proportion of women in each cate- 
gory of institutional six.r.' was compared to the total proportion 
of women in all schools combined. 
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The range of institutional size among the schools included 
in the sample was restricted, as indicated earlier, since these 
were the fifty schools with the largest employee counts of sci- 
entific personnel. Even within the sample, however, there was 
considerable variation. The employee count of scientific per- 
sonnel varied from a high of 3,090 at the largest school, to a 
low of 735 at the smallest. .Student body size ranged from a 
high of 58,814 to a low of 8,040. 

When size of employee population is the criterion , the dis- 
tribution of women science employees indicates that, as a group, 
women scientists are concentrated in the very largest schools. 
Women constitute almost 18 percent of the total employee count 
in schools with a scientific employee population of more than 
1,650 compared t.o 14 percent of the total in small schools with 
an employee population of less than 1,250. This pattern held 
consistently in all but three' of the eight fields: Agricultural 
and Biological Sciences have a greater proportion of women sci- 
entists/engineers employed in mid-sized schools, and the Social 
Sciences show an equal representation of women employed in small 
and large schools. . 

When inst itut ional size is measured by student count , women 

.A 

scientists/engineers are found in equal proportions in large and 
small schools (18 percent). In medium-sized schools, their pro- 
portion drops to 14 percent. This pattern held consistently ac- 
ross fields, with the exception of the Mathematical Sciences 
where women are app rc^x i mate .1 y 10 percent in both medium and large 
institutions and only 6 percent in small schools. 

In contrast to employees, the general pattern for the dis- 
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tribution of women graduate students remains the same regardless 
of which criterion of size is used. Although slightly more prom- 
inent in mid-sized institutions, women graduate students are well- 
distributed across the different categories of institutional size. 

The distributions for both students and employees in the ag- 
ricultural and biological sciences deviate from the patterns found 
In other fields. When employee population is used as the crite- 
rion of institutional size, women scientists in these fields are 
more , prominent in medium-sized institutions ( 22' percent ) , com- 
pared to large schools (19 percent) and small schools (17 per- 
cent). But when student body size is the criterion, the highest 
proportion of both women scientists and graduate students (30 
percent each) is found in small schools. 

The greatest proportion of advanced degrees awarded to women 

have been in the agricultural and biological sciences ; in 1976, 

women received 23.1 percent of the doctorates in this field — 

14 ' 

a substantial number relative to other fields. Traditional 

female specializations within the field may account in part for 

the prominence of women; for example, in 1976, women received 

51.1 percent of the , doctorates awarded in the nutritional sci- 
15 

ences. The distribution of such programs across institutions 
may account, at least in part, for the discrepant patterns found 
in the field in this study . ' 



i 
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Correlation between the Proportion- of . Women Employees and Grad - 
uate Students 

In her study of sex role models, Tidball suggests that suc- 
cessful career women are more likely than non-career women to be 

graduates of undergraduate inst itut ions with a high percentage 

1 Q 

of women faculty. In order to see if women science/engineer- 

ing students are more attracted to graduate programs in which 
more women are visible in professional roles, the data were ex- 
amined to see if there was a relationship between the percentage 
of women employees and the percentage of women graduate students 
at any given inst itut ion . 

The results of the correlational analysis indicated that 
there was no consistent relationship between the proportions of 
women students and employees in the eight scientific fields in 
the study sample. Over all fields combined, there is a moderate 
positive correlation of .41, but when the data are broken down 
by discipline, the value of the coefficients drops drastically 
and no consistent relationship holds. In the 50 institutions 
comprising the study sample, women are e,nrolling in science and 
engineering graduate ' programs , regardless of the numbers of wom- 
en on the faculty and staff. These results do not disprove the 
importance of role models for women in professional training. 
We still do not know what degree of contact women faculty have 
with graduate students or the extent of their influence on post- 
graduate careers. The results do suggest, however, that the * 
.graduate women in this study were not completely discouraged 
from pursuing careers in fields where there were few professional 
academic women. * . 
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Geographic Region 

Previous research has documented the influence of geography 

on the institutional distribution of academic personnel in gen- 
17 

eral. There appears to be a tendency for both men and women 
to prefer positions in the same general region of the country 
in which they were born, but women academics .have been shown to 
be geographically less mobile than men. 

The geographic distribution of academic science employees 
in this study showed slight differences in the geographic dis- 
persion of men and women. A larger percentage of the women than 
the men were found in the east (27 percent vs. 25 percent, re- 
spectively) and midwest (38 percent vs. 35 percent), while more 
men" than wom^n were found in the south. (23 percent vs. 20 per- 
cent) and west (18 percent vs. 16 percent). Within the^ differ- 
ent fields, however, the distributions of men and women scien- , 
tists vary, and ho consistent pattern holds. 

The geographic distribution of men and women graduate stu- 
dents is essentially equal except for a slightly higher concen- 
tratian of women than men in the east v623 percent versus 21 per- 
cent). This pattern holds in all fields except for the social 
sciences and the environmental sciences, and may be a reflection 
of the larger number of women's colleges in the eastern part or^ 
the country. These colleges • draw women from all parts of the 
country for" undergraduate work, and many of these women may well 
remain in the east to pursue graduate tr.aining in the sciences 
and engineering. 

* 
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Type of Support 

Public and private institutions are dependent upon different 
sources of financial support and are subject to different kinds 
of outside pressure. The resulting differences in administrative 
policies, including personnel policies for recruitment, promo- 
tion, retention, and t^alary, may have an effect on the number of 
women scientists/engineers employed and enrolled at an inst.itu- 
t i. o Q . 

The resul ts of a chi square t est , howev^er , indicated that 
there were no consistent differences in t'.ie percentages of men * 
and women employev:s or students found in public or private schools. 
There was a slightly greater proportion of women employed in pri- 
vate schools compared to men (32 percent versus 31 percent, re- 
spectively), but for students, the distributions of men and wom- 
en are almost identical (nearly 75 percent in public schools and 
25 percent in private). .« 

The distributions do vary, within specific fields, but there 
is no consistent pattern favor ing either type of institution. 
Women mathematicians are more prominent in public schools than 
are men, both as students and employees ; women comprise 84 per- 
cent of both mathertiat i cal science employees and students in pub- 
lic schools while men comprise 78 percent of the employees and 
80 percent of the students. In Engineering the reverse is true, 
with women, more prominent in private schools (27 percent of the 
women emp loyees as compared to 26 percent of the men); 36 per- 
cent of the women rm^M. nf r i ng students are enrolled in private 
schools compared to 29 percent of the men. 
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While there appears to be no explicit policy operating to 
influence women's employment /enrollment one way or the other in 
either type of school, the results suggest that there may be dif 
ferences in policy and curricula within specific subdisciplines 
which would make one type of school more appealing to women in 
that discipline. 

Institutional Emphasis: Research versus Teaching - ' 

Being associated with an institution or department attrib- 
uted' with significant research accomplishment s ' is both an impor- 
tant asset to and a measure of individual career development. 
Past research indicates that academic women have been concen- 
trated in smal 1 er teaching-oriented schools and are found infre- 
^quently in prominent positions in large research universities. 

The schools in our study sample. were the fifty leading doc- 
torate granting institutions and research activity is primary in 
such sch(X)ls; therefore, it is not surprising that '40 of the 50 
schools were classified as research-oriented and that the great- 
est proportion of both men and women scientists/engineers are em 
ployed in these 40 schools. Ten of the sample schools reported 
on the NSF survey that teaching- rather than research is the pri- 
mary vvork activity of t majr)rity of their science and engineer- 
ing personnel, and thus those schoc^ls were classified as having 
a teaclii ng emphasis. 

The analysis sug^M>sts tliat there is still a. slight tendency 
[Or a greate^r propoiM ion of women than men to find employment in 
1 1 'uch i n g-o iM.(.^n t i.'d sdw k > ] .;• (21 pcrcMMil. ol' f ho wom(.?n as (Ji:)posed to 
21 percent oi' the* ni(.'n)^ This pattern is round i'n five of the • 
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eight fields, including engineering, environmental science, ag- 
ricultural and biological science, medical science and psychol- 
ogy. 

On the other hand, women graduate students in the study 
sample are found in higher percentages than men in schools clas- 
sified as research-oriented (83 percent vs , 81 percent, respec- 
tively). This pattern of differences, though small, iS' found 
in all fields, with the exception of engineering, the agricul- 
tural and biological sciences and psychology. Whether or not 
the women in our study sample who are being exposed to research, 
training in science and engineering as graduate students will , 
continue on la research careers in academe is, of course, open 
to speculation. 

Prestige Level of Departments 

Past research has indicated that women are not fairly rep- 

1 8 

resented in top-ranked institutions or departments in academe. 

However, according to a 1973 study by Cartter and Ruhther, a 

larger percentage women doctorates than men (20 percent com- 
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pared to 16 percent) u. ro hcMUL'; placed in the top schools. 

Using the American Council on Education report A Rating oJ_ Grad- 
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uate Programs , prepai'od b\- KtMincth Roose and C. J . Anderson , 
these researchers divided institutions Into five levels of pres- 
tige. The Rooso-Anderson ranl^ings themselves were compiled from 
tho subjective ratings oT the ([uality of graduate programs given 
by faculty and administrators in various fields. On the basis 
(jF tlu'se ratings. Roi^sc and AndtM'son catt^gor i y.cKl individual, grad- 
uate programs as li i gh , medium or low (luality. 
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Jo test whether women scientists in the present study were 
employed and enrolled in prestigious places in proportion to 
men, an analysis was conducted on the departmental distributions 
of men and women in six. fields: engineering, physical sciences, 
agricultural and biological sciences, mathematical scienee^s, 
psychology , and social sciences . The ranking scheme of depart- 
ments was developed, from the Roose-Anderson report; analyses 
for the fields of medical science and environmental science 
could not be included s ince these fields were not rated by 
Roose and Anderson. Unlike the Cartter and Ruhther study, which 
ranked institutions, this analysis used the prestige ranking 
of departments, thus increasing the refinement of the ranking 
scheme. Although the prestige of a particular institution might 
not be that great, a specific department within the school might 
be very highly regarded. Not all schools had curricula in all 
fields, however, so the institutions compared vary across, the 
diTTerent fields. 

The analysis of men and women employees across science de- 
partments of varyinjj; prostlge levels indicates that , in keeping 
with the findings of Cartter and Ruhther, and contrary to those 
of Ladd and Lipsett, wc^non scientists/engineers in the study 
sample are being empLovfd in the top-ranked departments in their 
fields. In Tact, across ail fields, the percentage -of women sci 
entlsts and engineers (,'m])loyod in high quality departments in 
our sample is greater than or equal to the percentage of men. 
Women in the study sample accounted for only 3 percent of the 
employees in engineering and 6 percent of those employed in the 
physical sciences. Yet, in both of these fields, the differ- 
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ences in the proportions of men and women in prestige departments 
is striking. In engineering, almost 88 percent of the women were 
in top-ranked departments as compared to 57 percent of the men. 
In the physical sciences, 65 percent of the women compared "to 53 
percent of the men were in top-ranked departments. 

In psychology and the social sciences, women are well rep- 
resented, accounting for 25 percent of the employee force in psy- 
chology and 19 percent in the social sciences. In these fields^, 
the distribution of women across different quality departments 
did not differ greatly from the distribution of men. In psychol- 
ogy the distributions are almost identical; in the social sci- 
ences, 50 percent of the women compared to 46 percent of the men 
are found in the top-ranked departments. These results suggest 
that as the number of women increases within a discipline, their 
distribution across different quality schools grows more similar 
to the distribution of men. This trend was also appa:rent, though 
not as pronounced, in the data for graduate students. 

. The 50 institutions comprising the study sample are all 
''prestige schools", since all were listed in the Roose-Anderson 
rankings. A complete picture of the status of women scientists 
with respect to the prestige of their departments would there- 
fore require an analysis of schools representing the' full range 
of quality . rankings . Our analyses of enrollment and emp loyinen t 
patterns nevertheless provide an indication of relative place- 
ment within different prestige institutions, and they suggest 
that as the proportion of women in a field increases, sex be- 
comes a less important variable in recruitment and promotion. 
If faculty and administrators in top quality departments 
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have a large pool of women to evaluate along with men, they can- 
distinguish differences in ability and productivity. The result 
is a similar distribution of men and women across different lev- 
els of departments, as found in the social sciences and psychol- 
ogy. But in a field such as engineering, where there is only a 
small proportion of women, highly rated departments seem to have 
an advantage in recruiting both graduate students and employees, 
as evidenced by the concentration of women engineers in the top 
level programs. It should also be noted that in disciplines 
where the pool of women is small, women tend to be outstanding 
in per rormance and ability. As more women enter a field, the, 
population becomes more representative of all ability levels. 
Thus, as the number of women in this field increases, this con- 
centration should diminish, and women engineers in academe . 
should become more evenly distributed across the different pres- 
tige levels of programs. 

Regression Analysis 

In order to determine if any of the criterion variables ac- 
counted for significant differences in the proportion of women em- 
ployed or enrol lod at an institution, a multiple regression anal- 
ysis of the five institutional variables (size of student popula- 
tion, size- of employee population, geographic location, type of 
supjM)r*t, and ac*Li\-ity or i (.»n t li t i on ) a^^:ains,t the" percent age of wom- 
{^n (."^iployed was porf(jrmod. 

The t*et,cvoss i on analysis indicated that the five criterion 
VLiriablos together do not. Liccount for a sigalfic:ant amount of , 
the vari.ation in the pe rcr?n tLig(.' of wcjmen found within the differ- 
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ent disciplines at a given school. In addition, none of the in- 
dividual variables' is a consistent predictor of the proportion 
of women found within a school. Although patterns do exist in 
the distribution of women scientific personnel with respect to 
size, activity orientation and geographic location, none of these 
variables can be identified as a significant cause of the propor- 
tion of woine ir^;! ound in these scientific fields. 

FINDINGS FROM SITE VISITS 

The NSF data used in this study included women scientists 
who are senior faculty at prestigious research schools, as well 
as women with ..baccalaureate degrees working as assistants in uni- 
versity research laboratories. Women in a variety of disciplines, 
a variety of 'pos i t ions and a variety of institutions were includ- 
ed. Yet, despite all this diversity, according to. the statis- 
tical analyses, these women scientists/engineers, as a group, ex- 
hibited certain career patterns which are very similar to women 
academics and women professionals in general. Statistical anal- 
yses can detect trends, and the quantitative analyses performed 
in this study indicated that women scientists/engineers are being 
employed in the top-ranked departments in the 50 leading doctor- 
ate-granting universities and colleges, a finding which implies 
a significant gain in status for women scientists in academe. An 
important variable, however, was missing. The positions that 
these women were occupying could not be identified through sta- 
tistical analysis , and ciuesiions C(Micerning their status remained. 

During the 1977-78 academic year , we 'made site visits to the 
nine case ,^study institutions listed previously. The case study 
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institutions were a representative sample of the 50 institutions 
that comprised the study sample. The distribution of women sci- 
entists in the various disciplines in the site visit schools 
matched the distr ibut ion found in the sample of 50 institutions. 
Women were most prominent in psychology (21.9 percent) and the 
agr i.cultural and biologi cal sciences ( 20 . 1 percent ) , and least 
well represented in engineering (2.2 percent), and the environ- 
mental sciences (4.6 percent). The range for individual school 
means of the percent of women employed was also similar to that 
found in the larger sample with a low of 3.2 percent to a 
high of 26.3 percent. The percentage of women employed within 
the site visit schools was 15.5 percent, slightly less than the 
16.4 percent found for women in the total sample. The site vis- 
its allowed us to probe behind the statistical data in order \to 



more fully understand the institutional and departmental proc-^ 
esses involved in th^^ status of women scientists/engineers. 

The Status of Women Scion t i sts/Engineers 

The purpose of tho NSF surveys is to monitor the supply of 
scientific manpower resources in the United States, a charge 
given to NSF by the Office of Management and Budget .in 1959. 
The problem is that while these surveys do provide an indicator 
of the science maniK)wer resoui'ces in colleges and universities, 
they mask the dismal realitv' of women scientists' positions in 
academe. Headcounts and s i mp le percentages do not reveal their 
ranks, salaries or Job status. The site visits confirmed that 
these numbers are grossly misleading. The absolute numbers of^ 
women scientists/engineers may be increasing in some cases, but 
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the percentagus are small and women are still found in the lower 
ranks and untenured positions of academe. 

We discovered that large numbers of women reported as full- 
time scientists/engineers on the NSF surveys, and for compliance 
with HEW requirements, hold off-ladder, non-tenured research sci- 
entist appointments, most often funded by extramural grants. ..rather 
than general University funds. Many of these women have to find 
their own grants in order to receive a salary. For a few women, 
a research position was a voluntary and satisfactory choice, but 
for many it was a forced and unwelcome compromise. Many married 
doctorates were unable to obtain regular faculty positions be- 
cause of institutional nepotism customs which, in practice, dis- 
criminate against women. Other women had received their doctor- 
ates at the inst.itutioQ where their hus-bands were employed, sub- 
sequent ly finding themselves ineligible for faculty 'ladder posi- 
tions because of the ''we never hire our own" policy. Like nepo- 
tism practices, this policy protects an institution from losing 
its vitality and befeoming sterile through inbreeding. Inherent- 
ly not discriminating, in. practice it severely discriminates a- 
ga^in^5t" women, and the consequences are exceptionally severe when 
the university is an isolated area with limited or no alternatives 
for employment at other pcjstsecondary institutions or. in in- 
dustry. 

. While research scientist positions can be valuable experi- 
ences for women who are beginning their professional careers , 
these positions do not carry the prestige, high status or salary 
of regular faculty appointments. Along with other "adjunct" or 
"acting" positions, research scientists are for the most part. a 

\ - 2 J 
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disenfranchised, second-c] ass ['acuity whose grant moneys con- 
tribute overhead to the institution. Denied the right to vote 
or even attend faculty meet ings , they are responsible for serv- 
ing on committees, teaching courses and supervising doctoral 
students. Most significantly, these positions hinder profes- 
sional development if they are held for a long period of time. 
Rarely are tenured faculty appointments made from among an in- 
stitution's lecturers or research scientists, and seldom are 
these people recruited by other universities, particularly if 
they have held this type of appointment for more than a few 
years. 

Unfortunately, the prospects for a dramatic change in the 
status of women scientists in the near future are slight, de- 
spite the increasing numbers of women entering scientific 
fields. Women are entering the system and coming up for promo- 
tion just as retrenchment and tight budgets are reducing the 
number of faculty positions and tenure slots. The development 
of new programs has been curtailed and many programs have been 
cut back or eliminated. As a result, few . departments are ex- 
panding. In some instances, and this seems to be particularly 
true in the natural sciences and mathematics , there is a heavy 
concentration of older, tenured faculty, and only rarely does 
more than one position open up in a four to five-year period. 

Instead of hiring new Ph.D:s on tenure tracks, more and 
more colleges are turning to limited- term , contract appointments 
to bring in new b I cod and ma i n tain departmen tal vitality. The 
term of appointment varies. Some institutions merely expand 
the one-year visiting professor plan as needed. In most insti- 
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tutions, the rotation cycle is three years; In a few, It Is six 
years. Iil all cases., the positions are terminated and there is 
little or no chance- of being retained on a permanent faculty 
status . Even worse, this practice creates a double bind. As 
one woman explained, her six-year position was terminating and 
there was no chance that she would be retained . She had app lied 
for several positions at other in s tit ut ions only to be told that 
she was '.'too old professionally". Those institutions, too, were 
looking for new or recent Ph . D . s to put on short-term appoint- 
ments. Again, although this practice is not inherently discrim- 
dnatory and applies equally to male as well as female appoint- 
ments, the consequences are that it severely limits the advance- 
ment of women in the academic world at a time when they are be- 
ing encouraged to enter it. 

In spite of the conditions of . employment , however, we did < 
find the atmosphere to be noticeably different at institutions 
which had a relatively high percentage of women scientists. De- 
partment chairmen* at institutions with few women were quick to 
describe their recruiting procedures as a search for "the best 
qualified candidate". "We'd love to hire a qualified woman, but 
we won't beat the bushes to look for her" was a frequent state- 
ment. But at institutions where thiere were comparatively more 
women scientists, deans and department chairmen added to the 
"best qualified" statement a consideration of women's more lim- 
ited opportunities heretofore.' These deans and department chair- 
men created an atmosphere of intention and action, using whatever 

*The term chairmen is used purpose fully, since all of those 
we met .were men. 

. ■ ■ ■ " 
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means of affirmative actions necessary, in the truest sense of 
the words, even if these means were non^t radit ional . , 

This spirit was reflected in .departments which, if necessary, 
will hire their own graduates in order to bring women into the 
field. It was reflected in the special courses established to 
help young women learn how to use basic tools that are usually 
part of a boy's life. It was reflected in the special counsel- 
ing courses designed to increase the retention of women in engi- 
neering. The presence of more women scientists at an institu- 
tion was 1 ad to be related to the presence of more women fac- 
ulty generally; an active Society for Women Engineers on campus; 
a good job market in the area; and,. most important, an active 
outreach program and publicity regarding the opportunities for 
women in science. 

The relationship between the number: of women la regular ten- 
ured positions in a school/department and the attitudes and inten- 
tions of the dean/dopar tment chair will become even greater in 
the near future. Department chairs can shift their needs to meet 
the qualifications o i' available women applicants or remain inflex- 
ible. In one large case study institution, the dean and several 
department chairs spoke of their willingness to "mortgage" an up- 
coming retirement slot il* they found a woman who was well qual- 
ified in an area other than the one for which they were recruit-^ 
ing. In this way, they could meet the department ^ s needs and 
still hire a qualified woman. Without affirmative action poli- 
cies, it is doubtful that such social awareness, and consciousness 
would have worked in quite this way. 

Statistics are used by the courts both as a measure of dis- 
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crimination and as a measure of compliance. When the evidence ■ 
indicates that there has been a pattern of discrimination, the 
burden of proof is shifted to the employer, who must demonstrate 
that there is and has been no discrimination, that the job cri- 
teria are genuinely related to the job, and that employment prac- 
tices and policies do not have and have not had a discriminatory 
effect. Departments cannot deny charges of discrimination on 
the basis that no women apply, Underuti lizat ion raises a pre- 
sumption of discrimination under Executive Order 11246 and Title 
yil on the assumption that an institution's reputation for being 
discriminatory may have discouraged qualified women from applying 
for positions in the first place. . ^ . 

Our impression from the site visits is that affirmative ac- 
tion is working, but to a limited degree. Women scientists/en- 
gineers are being allowed entrance to academe. In the case study 
institutions, women academics generally were receiving a somewhat 
larger .share of the new hires because of affirmative action. But 
the door is rotating and they exit almost immediately, as most 
of these new positions are short-term and the chances of becoming 
part of the tenured faculty are slim. 

Inst i LuL iona 1 researchers , un j versity administrators , de- 
partment chairs and federal policy-makers should consider focus- 
ing less on the numbers of women scientists employed or the num- 
bers of women graduate students enrolled and more on who and where 
in the system these people are . Otherwise , the status of ■ women 
in academe will not change. 

3j ■ 



29 

Graduate Women and Their Future in Academe 

There are many myths and a great deal of conjecture, in the 
Irterature regarding the status and attitudes of graduate women. 
Academe has traditionally been a male domain and stereotypic bi~ 
ases and pre j ud ices no doubt remain , particularly in male-domi- 
nated departments. But among the graduate women we met, only a 
small minority had experienced discriminatory acts. Admittedly, 
we met only the successful ones those enrolled in and appar- 
ently satisfied with their programs, but we found no evidence to 
confirm the tales of rampant discriminat ica emphasized in the lit 
erature. By andlarge, the almost 400 graduate women we inter- 
viewed were extremely satisfied with their graduate education. 

~ Most of these women agr ^ed^ that there were male faculty who 
were disinterested in them or their projects presumably because 
they were female. But there were just as many, if not more, they 
said, who were supportive and went out of their way to help and 
encourage them. This was generally true also of women scientists 
on the faculty. Several felt that when they were graduate stu- 
dents, their chairman or their advisor had gone out of his way 
to" encourago and support them. These women perceived 'discrimina- 
tion as isolated incidents ~- acts of old-fashioned or unpleasant 
individuals, whose prejudices against women vvere clearly their 
problems, and this had not touched them or interfered with their 
goals. Some of the "discriminatory" male faculty were just as 
routinely complained about by male students, and some women fac- 
ulty were also . men 1 1 oned as -being unsuppcjr 1 1 ve . 
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The women to whom we spoke were pursuing degrees in a vari- 
ety of non-traditional areas — oceanography, marine biology, ma- 
rine science, fisheries, geosciences, mineral econoitiics, spider 
ecology, geotechnics, watershed management and mine engineering. 
But in order to increase the potential pool of women scientists/ 
engineers who are qualified for academe, the number of women re- 
ceiving Ph.D.s in these fields must increase. Yet, the goal for 
the majority of the women, as well as the men graduates we met, 
was a master's degree I not a Ph.D. 

Many women were (.m., oiled in doctoral programs because there 
was no master's program available in that field or because sti- 
pends were only available for doctoral students. Other women 
were leaving with a master's degree to get married. 

Above all, the opportunities offered by private industry are 
the major reason few women continue graduate training and com- 
plete their Ph.D.s. Industry is making better offers in terms of 
salary and opportunity, and the offers are for master's and bach- 
elor's degrees, not doctorates. We were . told over and over again, 
at all the site visit institutions, that "industry is skimming 
our most talented women off at the master's and bachelor's level". 
In the geosciences, one' prof essor told us that industry was hiring 
at the rate of 30 master's degree candidates to one doctorate. 
I nstead of broadening their area.s of expert ise , Ph . D . s in many • 
fields narrow their area of expertise and reduce their employment 
opportunities. 

The recruitment efforts- of private Industry are now, and 
could well continue to be a significant source of competition to 

3.. 
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colleges and universities trying to meet affirmative action 
goals. Disciplines like engineering, geology , geosciences and 
environmental and biological sciences place the vast majority 
of their graduates in private industry and they are thus hardly 
likely to increase ^he pool of women scientists qualified for 
academic positions. Whether or not women who take these posi- 
tions are promoted and advanced once in industry remains to be 
seen, and should be investigated, but nevertheless these women 
cannot be included in the resource pool for academe. 

Industry is clearly courting women, and is able to offer 
them excellent salaries and positions for less rigorous training 
than that required by academe. It also provides them with ex- 
cellent opportunities to concentrate on their research undeterred 
by teaching responsibilities or publishing pressures. Contrary 
to the literature which suggests that women prefer teaching to 
research, the graduate women we interviewed and heard about, as 
a rulp, preferred research to teaching. Private industry offers 
them this opportunity. 

Academe, on the other hand, has little to offerr positions 
are few, salaries are poor, the training for a Ph.D. is long, 
and few institutions today can offer inviting prospects for a 
secure future. Many of the women enrolled in the doctoral pro- 
grams who declared a definite interest in academe were foreign 
women who came to this country to earn their degree, and they 
were planning to return home once it was completed. For the 
majority of other women, jobs in industry and federal laborator- 
ies were far more attractive, and these jobs were more plentiful 
at both the bachelor's and master's levels. 
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Future career patterns for women in scientific fields, how- 
ever, cannot be easily predicted. Although more women today than 
in previous years are receiving graduate training in scientific 
disciplines, the pipeline has not been in place long enough to 
track the careers of younger women scientists in either academe 
or private industry. Yet there are policies which can be imple- 
mented now to further develop the potential of women . in sc ience , 
and to increase their status in the academic environment . 

POLICY IiMPLICATIONS AND RECOMMEND/:? IONS 

The human rights movement of the sixties expanded women^s 
awareness of the alternative roles available to them, and the 
increasing numbers of women that have pursued graduate education 
in the sciences in recent years have no doubt been influenced 
by the spirit of these times. This study leads us to conclude, 
however, that making promised opportunities a reality for. women 
in the sciences will require both time and concerted effort on 
the part of institutional administrators, government policy- 
makers, and women scientists themselves. Women are still a small 
minority in the scientific community, without much power or pres- 
tige. To a great extent, their position is the result of economic 
forces and cannot be attributed to overt discrimination on the 
part of individuals or institutions. Yet, certain administra- 
tive policies and a simple lack of awareness on the part of many 
male faculty and administrators have also served to limit women^s 
advancement . 

Based on the findings of this study, we believe that women 
scientists in academe are in a period of transition. Since the 
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beginning of tho 1970 's, nnore women have enrolled in graduate pro 
grams in science and e^ngineertng than at any time in the past. 
It is too early to iis^oiriis ^he impact that the larger" population 
of women scient is ts/ 6ngiiic?t>rs will have upon the status of women 
in the scientific comrnunlty generally and in academe specifically 
However, if women want a i'0]e in determining the future course of 
the scientific enterprt^^e in our society, they must be willing to 
accept the challenge and persist in their training and careers. 

At the same time, th^^e are several policies and procedures 
suggested by the iMndings of this study which could be adopted by 
NSF, other federal Zi\^Qncie^\ professional scientific organiza- 
tions, and the universities and colleges to facilitate the entry 
and advancement o f women into the scientific community. We wish 
to emphasize that the^e rr^oommendat ions are not intended to com- 
prise a complete or comprehensive program with respect to women 
sclent ists/enginegrs In ac'^^clcme. Rather, these recommendations 
reflect specific suggestions evolving from the site visit dis- 
cussions and our review and analysis of existing data sources 
on women scientists/engir:e^rs in academe. 

Data Collection: 
• Additional data need.^ to be collected at the national 
level on the job positions, length of service, sal- 
aries, and work actlv/ities of women sclent ists/engi- 
,neers in all empXcy^n^n t sectors to al low researchers 
to more accurately a^^^ess their career development. 

If NSF wishes to monitor the status of women scien- 
tists/engineers;, we jpU^ges t that questions regarding 
their employmen t ^tatus_b e integrated into the sur ~ 
veys of scienti fic e ngineering personnel and 

graduate enrol l rn6n,t ^ or _ new surveys highlighting the - 
enrollment and ernplqy.nierv t patterns of women scien - 
tists/engineers CQUl_d,be_ developed . 

3^ 
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NSF currently collects such data on v/omen doctoral 
scientists/engineers through the Survey of Doctoral 
Scientists and Engineers. Based on the findings of 
this study, we believe such data needs to be col- 
lected for women at all degree levels who are t?m- 
ployed in science and engineering fields in aca- 
deme. 



Priva te_Industry 

Data on the employment status and career patterns of 
women scientists/engineers employed in the private 
sector also needs to be collected, since as found dur- 
ing the course of this study, a large number of wom- 
en scientists/engineers are being attracted into pri- 
vate industry- To date, there are no comprehensive 
studies of the employment of women scientists/engi- 
neers in the private sector. 

We sugges t that NSF Fund a _cQmp anion st ud y^^tn^jL^^ 
p rese ru_stjid y to explore the employment ^tatus ^_Q f 
women ^ j[^_£ri vat^ industry, and to make. rec cjmjTienda- 
tions _fai^_co llect ing data on t h e employm en^t__staj:us 
and ca r£er_p atterns of women e n tering p r j^ ^a^tejTn^ 
d ust ry ^ ^ . " ' 



Fellowship a nd Research Progra ms: 

During the site visits, we heard several suggestions 
for the allocation of fellowship and grant monies, 
including the suggestion that NSF award each insti- 
tution a specific sum reserved for women scientists/ 
engineers who wish to conduct research, so that all 
institutions have an opportunity to attract qual- 
ified women. Some, objected to this policy^ saying - 
that NSF should award the money directly to the indi- . 
vidual, thereby giving women scientists the flexi- 
bility to choose the institution with the best re- 
sources for their particular research project. 

In or^er to determine which po l icy would be more 
effecy ^ve_in^ promoting research act i vi ty ^a mnng 
wom-^n_^ we suggest that NSF fund a study ma^ kin^ a 
compar at^ive_ analysis of altern a tive method ^^of 
awarding fe l lowship and rese arc h money to^ wnmen 
scientists a nd engineers. Site visits to a ,sample 
of diverse institutions where women are engaged 
i-n research should be required as part of the 
study design. 



Directories and Registers of Women Scientists / 
Engineers : 

During the site visits, we found that many admin- 
istrators and members of faculty search committees 
did not know how to locate qualified women for job 
openings. For example, the registry of women sci- 
entists compiled by the Association of Women in 
Science was generally not known, and several of 
the people we interviewed noted the name of this 
resource when we mentioned it. 

We sugges t that NSF cojis ^ der sponsoring the_com ~ 
"pilation of a comprehensive list of availabl e 
directori es and registers published by profession - 
aj__scj^£nJ :]T^ organizations to be sent to all sci - 
ence and engineering departments in the 100 lead - 
ing institutional employers of science and^e rigi- 
neer in g per Sonne 1 . This could be accomplished 
through a small grant. 



Regardless of what policies or. programs are implemented 
by NSF or any other agency to attract women into scientific 
fields, women must take responsibility for moving into pres- 
tige positions in the scientific community. As Goldman and 
Hewitt have observed,' any group that is poorly represented 
in the scientific community is partly disenfranchised with 

20 

respect to directing the future course of American society . 

( 

Women scientists and engineers must continue., to pursue careers 
in academe as well as in private industry, so they can con- 
tribute equally t.o the education and training of the future 
generations of scientists. But academe, as well as private 
industry, must provide them the opportunity to do so. 
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